Abstract
Introduction
The measurement of crane rail axes using electronic tacheometers based on polar method allows to obtain the coordinates in 3D local system. At present electronic tacheometers provide the high measurements accuracies. This is the reason why they have become commonly used equipment in the geodetic works. Many papers related to the measurement of crane rail axes are connected with rail axes' control or installation. Furthermore, some authors analysed the geometric conditions necessary for correct crane work. Those problems are presented, among others, by (Aleš Marjetič et al. 2012 , Tomáš Křemen et al. 2008 , Grala, Kopiejewski 2003 and by (Peter Kyrinovič et al.,2010) ,respectively.
In this paper the authors presented the method of determination of rectification corrections of semi gantry crane rail axes. It is related to local 3D coordinates system. It should be mentioned that similar problem was already presented in (Kamiński, 2013) .
The measurement methodology is not a part of this paper however it is described for example in (Gocał, 2010) .
The new method for determination of rectification corrections was not only briefly described in the following sections but also its practical applications using simulated measurement results were presented. The proposed method, which was used in the computations was the parametric method with conditions on parameters. The obtained results allow to claim that proposed method can be used not only for simulated data but also for the real data.
The parametric method with conditions on parameters
As mentioned previously, similar problem was presented in (Kaminski, 2013) . There was also a description how to get the three equations which allow to solve the undertaken problem. For more details on parametric method with conditions on parameters and its application to determination of adjustment corrections for crane rail axes, reference can be made also to this paper and to (Baran, 1999) and (Wiśniewski, 2005) . This paper provides only basic information about this method.
The problem which is discussed in this paper can be formulated by the following system of equations:
where: , -the known coefficients matrices, -the vector of estimated parameters, -the vector of corrections, -the vector of measurements results, -the vector of free terms.
To solve the optimisation problem the Lagrangian method is used:
where is the weight matrix, k -is called a Lagrangian multiplier.
The computations enabling to solve the described issue can be presented in the subsequent stages:
There is also the simplified method whereby the problem which was presented at the beginning of this section can also be solved. This solution enables to use the conditional equations as additional equations of corrections with high weights' values, hence:
with weights ∞ where ∞ =
( 1, … , ) and -any number, -number of conditions.
Condition for the correctness of the calculation is the adoption of such high weights. It causes that the corrections which were obtain from the solution are equal to zero. By that means that the computations are carried out using the parametric method. The system of the parametric method equations of corrections is presented below.
where:
with weights:
If the solution by the parametric method is used then we obtain:
This allows to write the vector �:
For the estimation results the statistical interpretation should be carried out. It is related to the creation, among others, a cofactor matrix of parameters and a cofactor matrix of the vector of corrections.
The cofactor matrix ( ) can be written as follows:
and the cofactor matrix of the vector of corrections is taken the form of:
Observation equations
Using electronic tacheometer, geodetic measurements give the coordinates , , for controlled point. This paper presents the semi gantry crane. It is worth noting that both rails are not situated at the same height like it is in case of the gantry crane. It is assumed that the right rail is located higher than the left one. Assuming that crane rails are parallel there is a possibility to write the equations like those below in the table 1. In this table the straight lines equations as well as corrections' equations are presented.
The following marks are used in Table 1 and 2: , -the corrections to observations , , , -the estimated parameters , , -the space coordinates of the controlled points = 1, 2, … , -point number -number of the controlled points Left rail Right rail
In this paper beyond the coordinates , , the observations of coordinate are also concerned. The observations' equations of points' height and the corrections equations were created for the left and right rail, like it was in the case of , coordinates. Considerations are conducted for the semi gantry crane so the height difference between parallel crane rails should be taken into account. 
Left rail
Right rail
Example of practical application
For the proposed method analysing the simulated results were used. It allows to known their practical properties. It was assumed that all controlled points (1,2,…10) were located on the axes of crane rails (Fig.1) . The points from 1 to 5 were placed on the left rail and the points from 6 to 10 on the right rail. The space coordinates in a local coordinates system , , are presented in the Table 3 . Further considerations were divided into two variants. In both cases the simplified method of performing computations was used. The first variant was based on the use of appropriate equations of corrections, which were formulated for all controlled points. Moreover, this variant was associated with two conditions. The second variant was based on the adoption of an additional condition to the constraints used in first variant.
Variant 1
Based on appropriate equations of corrections, which were formulated for controlled points, matrix , and was created (shown below) The two conditions were also adopted:
1. associated with the distance ( ) between the axes of both rails, what can be written as follows: = 10 000mm, 2. connected with the height difference of the axes of both rails in the form of = 8 000mm
Those conditions can be formulated as follows:
-10 000 = 0 -8 000 = 0
It can be also written in matrix notation:
The vectors and � were determined with the use of the relationship which was described earlier.
Variant 2
The two conditions described in variant 1 were supplemented with additional condition. The height of the left semi gantry crane rail was = 10mm. The conditions from In this variant vectors and � were determined using the simplified method of performing computations.
The Table 4 compiles the results of computations of first and second variant. 
Summary
The new method for determination of adjustment corrections for the crane rail axes which was presented in (Kamiński, 2013 ) was developed in this paper. The use of this method allowed to determine rectification corrections for semi gantry crane rail axes. The example, which was based on simulated data, illustrated the use of described method for this type of crane. Despite the fact that the computations were performed on simulated data it can be claimed that this method can be also use for real data. The proposed method allows to determine the rectification corrections in the local 3D coordinate system. Taking into account that the use of the proposed method was presented for the gantry crane in (Kamiński, 2013) and for the semi gantry crane in this paper, it can be ascertained that this method can be used also for other types of cranes.
